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March 13, 1981 

545,!ndi--n Mounc 
Wayzata, Minnesota 55391 

(612)473 •1224 

Mr. Michael Convery 
Division of Environmental Health 
Minnesota Department of Health 
717 Delaware Street SE• 
Minneapolis, Minnesota 55440 

Re: St. Louis Park Groundwater Contamination Study -
Alternatives for Contaminated Soil Management 

Dear Mr. Convery: 

Enclosed is a memorandum (C18-2) on contaminated soils management 
alternatives, fulfilling Task 5010 of the referenced project. 
This letter also notes the delivery to your office on March 2, 
1981, of a data review and evaluation (m.emorandum C18-1 ) for the 
same project. 

Let me know if you have any questions on the enclosed. 

Respectfully subrriitted, 

EUGENE A. KICKOK AND ASSOCIATES 

John B. Erdmann, P.E. 
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G18-2 

MARCH 12, 1981 

ST. LOUIS PARK GROUNDWATER CONTAMINATION STUDY 
ALTERNATIVES FOR CONTAMINATED SOIL MANAGEMENT 

THIS MEMORANDUM EXA.MINES ALTERNATIVE 
METHODS FOR THE MANAGEMENT OF CONTAMINATED SOILS STE'LMING FROM 
FORMER COAL TAR OPERATIONS AT ST. LOUIS PARK, MINNESOTA. 
ALTERNATIVES ARE CONSIDERED UNDER THE CATEGORIES: ON-SITE, 
OFF-SITE, AND ELECTIVE LOCATION. THIS MEMORANDUM REPRESENTS 
COMPLETION OF TASK 5010 OF THE REFERENCED PROJECT. A FUTURE 
MEMORANDUM WILL ANALYZE ENVIRONMENTAL AND ECONOMIC IMPACTS OF 
THE CONTAMINATED SOIL MANAGEMENT METHODS. 
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1. INTKODUCTION 

The purpose of this inemoratKium is to examine^ alternative methods 

for tlie manayenient of contaminated soils stemming from former coal 

tar operations at St. Louis Park, Minnesota. The following is a 

description of the contaminants and of alternatives for management 

•of the contaminated soil. 

bjL _ Coal Tar Distillates 

The refining of coal results in four major derivatives. ITiese are 

gas, gas liquor, tar and coke. The tar can be further processed 

into the distillates known as light oil, middle oil, heavy oil, 

refined tar and pitch. The predominant products of these coal 

tar distillates are grades of creosote and road tar. 

Coal tar distillates have been used for many purposes. Some of 

the uses include solvents, dye stuffs, varnish, explosives, food 

preservatives, paint thinner, insecticides, plastics, aspirin, 

flavorings, lubrication greases, paints, shingles, roofing, 

waterproofing and electrocarbons.^^^^ Recently, however, petroleum 

distillates have replaced coal tar distillates for many of these 

uses. 

A U.S. Department of Energy report^^'^^ states; "The environmental 

and health hazards posed by tVie many coal tar compounds are 

uncertain. The chemical structure of many species appears to 

indicate a potential, carcinogenic risk which is higher than that 

of conventional petroleum products. The potential for adverse 

health effects resulting from contact with coal-derived liquid 

fuels and from exposures to trace levels [of coal-derived products] 
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resulting frojn plant onissions are areas of concern." Of special 

concern are the compounds known as polynuclear aromatic 

hydrocarbons (PAiO# some species of which have a pronounced 

tendency to be carcinogenic.^^^ 

D. Soil Contami nat ion St. Louis Park 

The Rei:)ublic Creosote C'ompany, a subsidiary of Reilley Tar and 

Chemical Company, operated a facility on an 80-acre site in St. 

Louis Park from 1917 to 1972.^^^^ The company operation consisted 

of coal carbonization and coal tar distillation in order to 

produce heating coke, road tar and creosote. The creosote was 

used on-site as a preservative to impregnate wood products.^^^^ 

In early production years, the coal carbonization resulted in the 

production of a residue called coke and vapors which, when 

condensed and separate!, produced coal tar cliemicals, referred to 

as tar, light oil, aminC'uia liquor and coke oven gas. Tnese crude 

fractions were further refined to produce the desired finished 

products, road tar and creosote. In later years, coal 

carbonization was discontinued but distillation of coal car as a 

secondary refining operation was continued.^^^^ 

A 1976 report on soil contamination at the Republic site^^^^ 

observes: "Over the years of operation, creosote and coal tar 

were spilled or disposi.'d of on the ground. These materials are 

'I'jving through tlio soils." In some parts of the site, 

hydi ̂ carbons have Vjoen reportel to be present in the soil at 

depths of approximately 60 feet.^^^ The soils at the site consist 

of fill, glacial sands, glacial till, peat and muck.^^^ 
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In the followimj sections of this inetnoraniiurn, several processing, 

storage and disfjosal alternatives for management of the 

hydrocarhon-cc^ntaminatod soils are reviewed. A brief description 

of each alternative is provided. 
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II. ON-SITI': AI/IM'KNAT ivi:;s 

On-site alternatives include no action and capping. These methods 
* 

do not require excavation of the material and result in minimal 

disturbance of the present landscape. 

ANo Ac^ij;>n 

One option is to do nothing and leave the soils in-place. The 

existing contaminated soils that are the principal source of 

groundwater contamination remain in-place. With extended time, 

dilution will ta ;e place and the impact of the source material 

will be lessened. The option does not present any significant 

i^nmediate environmental advantages and will result in continuous 

long-term adverse effects on the groundwater resource. 

B. Capping 

l''iis action leaves the- contaminated soil material in-place. The 

i-maediate area of the contamination would be capped or covered, 

with compacted clay, concrete, asphalt or other impermeable cover. 

The cap serves tc minimize infiltration by precipitation. The site 

under this option should also be contoured to minimize surface runoff 

impacts and further reduce opportunities for infiltration. The 

contaminated soil is generally saturated with groundwater and this 

dynamic cotrlition v;ould continue after capping had been accomplished. 

i ji" 1 i ' a t i jii this alternative is t>iat the source is still 

i :,i • aci;. 'I'h ; ; r'-''iiiires jjv r joe t u.-i 1 !:ia i ntonance of the 

cat5 or covei" to assvirti that its integrity is maintained and that 

it remain i tape r sr eab 1 e . Minimal and undotermlne<l en v i rojiinen ta 1 

impact mitigatirn is exjo'coted from this -ilternative if this is the 

only rem-'ii.al MI. thod utilized. 
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III. OFI-'-SITK ALTKRNATIVFS 

It shouLd be understooil that off-site alternatives imply 
4 

excavation of the contaminated material and transportation to some 

other suitable location. The excavation area and its resultant 

surf.,jce water pond and changed groundwater flow conditions are a 

matter of consideration for all off-site alternatives and will be 

discussed in a subsequent report. The presented off-site 

alternatives are landfilling, landspreading, resource recovery, 

warehousing and storage in concrete vault. 

A . I.and f i 11 

A landfill is one possible method of disposal of the contaminated 

soils from the St. Louis Park site. landfilling is the predominant 

technique of waste disposal in use today. 

Land fI 1 ing of hazardous wastes is use ! mainly for nonincinerabl e 

wastes which are not suitable for recovery. Landfilling lias 

the advantage of potential later recovery of materials since the 

wastes are in a confined, known and controlled location. A large 

land area would be required for landfill disposal of the large 

voluitie of materials from the St. Louis Park site. 

Even the best situated landfill may have a potential for polluting 

grinnd and surface waters., For that reason, a hazardous waste 

1. •?" i ! 1 ,:H i n i I";'.] •".•on Lai-i i na t ed soil froin the site wo'uld require 

on- . MHO •.•vpond i t. u re fo>' m'.-n i to r i :!•; an; ".i.n'nttnianc.;. 

1. : J> Mi-Cont a i.ner i ze ! La_nd f i 11 ir^g 

hon-cont a i ne r i zed lan<lfilling entails placing tiie hazardous waste 

i fi an un<;onso] i dated form, wliich requires a secure<i facility. 
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A Heciire.l lamlfill is an ultimate disposal site specifically 

desiqnoii to contain hazardous wastes and minimize environmental 

contami nat ion. ̂ ̂  ̂  ̂ A secureii landfill implies that surface water 

diversion actions have been taken as well as possible capping, 

liners and/or leachate collection systems. A properly designed 

facility also includes equipment for groundwater and surface water 

monitoring and evaluation. 

2. Encapsulated/Containerized Storage 

Encapsulation is a physical process in which an agent surrounds 

the waste part ides . ̂ ̂  ̂  ̂ These agents may include chemical 

compounds as well as physical confinement methods such as barrels 

or other containers suitable for long-term storage. These 

containers may then be covered or enclosed by concrete and/or 

buriel.^f^) 

Eiicapsul ation of hazardous wastes involves securing the wastes in 

a solid form. In this manner, the surface area of the waste is 

reduced and the low permeability of the resultant solid prevents 

rapid leaching of the toxic contaminants.^^^ Encapsulated wastes 

are considered not necessarily to need placement in a secured 

landfill.(^^^ This alternative requires that additional time and 

capital be expended to containerize the material before landfilling. 

h. I.andsprea'Ji nn 

finnicipal and S'->!i;e i ndnst. r i^ 1 slulges and w.stes are often 

disp^isi'd of Vjy 1 andspread ing. As stated by Brunner et al^"^); 

"When ci.mpared with other melV^ods, disposal to the land is often 

the least expensive, although not lu^cessarily the most 

environmentally sound method of disposing ol hazardous wastes." 00118 



A March .1 research oaper^^^ on land cultivation for waste 

disposal states: "Lanilspreacl i ng, also ca lied ̂ land farming, land 

treatment, and soil incorporation, is the controlled disposal of 

wastes in the surface soil accompanied by the continued monitoring 

and management of the <Hsposal site. Although this means of 

disposal has tieen useti by the petroleum industry to dispose of 

process sludges, information is still needed on site selection, 

optimum soil and climatic conditions, application rates and 

scheduling, decomposition products, potential contaminant 

emissions and the persistence of toxic residues." 

Degradation of oily petroleum sludges by microbial action in 

cultivated soil has been demonstrated at prevailing soil and 

climaric conditions at Deer Park, Texas.Simultaneous 

ev.per i'lents were conducted with three oils, i.e., crude oil, 

Bunker C fviel oil and waxy raffinate oil (an intermediate waxy oil 

product con.taining high paraffinic components). 

For crude oil and Bunker C fuel oil, both aromatic and saturated 

petroleum hydrocarbons decreased in the soil with time, but for 

waxy raffinate oil, only the saturated fraction appeared to be 

reduced. Under the conditions of tlie test, neither oil nor 

fertilisers infiltrated vertically in the soil.^^^ 

!h;': • i i u.'i ! oil. extracti.'d from the soil wfis characterized by infrarel 

Sv-.'.ci 'i>c po 1 yar oi'ia ' ; I • • d 1 s , suggesting this ^n/drocarbon group to 

Vie slowly iea.:tive or nonreactive for microbial decou;position at 

001187 
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the prtjvailinq conditions. ^ These results suggest that the 

polynucloar aromatic hydrocarbons of concern at St. Louis Park may 

also be slowly reactive or nonreactive to larfdspreading. 

C. Resource Recovery 

As-Is 

One method of disposing of the contaminated soil is to use the 

material as a resource. The most cost effective method is to 

use the material as it is. One option would be to excavate the 

sandy soil and use it as road material. The peat and glacial till 

material would have to be handled and disposed of by some other 

met}io<l • 

It has been suggested^®^ that the contaminated sands be used as a 

subgrade material upon which a modern asphaltic road could be 

place:!. Modern asphaltic roads are now made with petroleum-based 

co:apounds. !Iowever, coal tar distillates are generally considered 

to be incompatible v;ith petroleum distillates. With this 

understanding of the incompatibility, it would not be advisable to 

mix screened sandy coal tar hydrocarbon-laden materials with 

petroleum-derived asphalt mix to arrive at an asphaltic batch mix. 

The presence of coal tar contaminants in properly screened 

su'ograde material should not preclude use as a sub-base medium. 

If suitaV)lG studies of this procedure proved the method as V)einq 

! i-o.-er inn an.d en -• i rr'.nmen t a i i y ftsisible, tlie material coubl t.heri 

b<.- n.sed in sub-liahse material Leneath asp>i..i!t or other road;-;. The 

material wrjubi have to ho well <irained before placement ami used 

in unsaturated conditions. 
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Tho satiily material may also be used as-is on low priority roads 

sucli as farm roads and secondary county roads.It is reasoned 

that the contaminants would adhere to the sand grains with minimal 

1 eaolii riq. Tn the event that leaching does occur, it could be 

rea.si.Mied tViat the material will be spread out over a large are.i so 

as to mitigate environmental impacts. This method needs further 

study to determine its appropriateness. An advantage of this 

metliod is the use of the material. 

2. Modi fied 

Methods of possible hydrocarbon recovery require a modification of 

the material and include hydrogenation, pyrolysis, flash 

photolysis, arc image heating, reaction with plasma, laser 

irradiation and very rapid pyrolysis. A study of a microwave 

discharge has also been undertaken .( 14) These ineth'ods are 

consi^lerel relatively experimental for this application and are 

offer''"'"? for completeness of this memorandum only. 

D. Warehousing 

Warehousing is a form of engineered storage, the ultimate goal of 

which is either reclamation or later permanent disposal of the 

toxic substance. Engineered storage must provide both safe long-

terii) tjf ora'je and retrieva'oi I ity of any of the sul'.stances at any 

time. In Itsel f, it is not a method of uld;ii'rate -iisposal . 

The prraspect for >,'Ven t. u.; 1 reclamation o •' 'he s'cored ma'^erial v.ould 

be dejn:-ndent rnxin finding a compatible us.,' for the contaminated 

S'oi] material as it is and/or deteiaiiining tViat the amount of 

hy^l t , )e.i rboii absinbed in tluf material is worth sa 1 v.aa ing . ^ ^ ) 
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K. CqticreLe Vault 

Uiuler-fjroun^l concrete v lults provide another mteans of engineered 

storage. It should be assumed that eventual failure of the 

concrete will occur and that the ultimate disposal method will be 

a slow rel<?ase of the i.'ontaminants. 

A modern engineered landfill disposal facility would seem to be 

superior to undergroun<i concrete vault storage. The alternative 

of landfill disposal sliifts the focus from artificial protection 

to the natural protective characteristics of the disposal site. 

The latter are of greatest importance to ultimate disposal of the 

wastes. Underground concrete vaults as now visualized do not 

provide an ultimate disposal means for the S^t . Louis Park 

contaminated soils. 

001190 
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IV.' !;:i,i:c:'rivK LOCATION ALTLRNATIVCS 

LlocLive location alternatives are those alternatives that can be 

performed either on-site or off-site. In some cases special 

equipment may need to be constructed on-site. A combination of • 

on-site/off-site facilities may be required. The elective 

location alternatives that will be discussed include solidification, 

fixation/stabilization, admixing, flushing and incineration. 

Solidification 

Hazardous wastes can be bound in a solid form. In this manner, 

the surface area of the waste is reduced and the low permeability 

of the resultant solid prevents rapid leaching of the toxic 

component s . ̂ ̂  ̂  ̂ Tliis procedure may be accomplished by injection 

of chemical agents in-place or by excavation, processing and 

replacement of the processed soils on-site or off-site. 

A wide variety of solidification agents have been used in 

hazarlons waste material. These agents include the following: 

Portland cements, urea-formaldehyde, asphalt, pozzolanic cements, 

polybutadiene silicates, sulfur foams, soil-binding agents and ion 

exchange resins.The solidification agents may themselves be 

considered potential sources of pollution and must be assessed 

accord ingly. 

!!a Zi r Ions wastes that have laeen properly stabilized and solidified 

do r. v. I 1 to V)*-' [-) 1 a-.n.'] in a sennrel latidfill. A well desiorvad 

I.ni.ifil! close to tlj,,. -waste s-onrc* shonl-' lie .aileqnate in most. 

-•oisi's. Tills -iisiiosal opti<.;n is -alLegedly m-are expensive than 

secured I a n-l f i 1 I i ng , however, there is a point rat wViich 

t rarisjaor ta t ion costs offset this d i f ferent ia 1 . ̂ ̂  ̂  ̂ 
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To i>rep<jre hazarfioiis wasUes ailequately for flisposal outside a 

secured landfill, the wastes must be analytically characterized 

for i,reatment. process compatibility, subjected to a stabilization 

or a pretreatment process and solidified. The steps do not in 

themselves provide a fail-safe means of handling these wastes, but 

they do provide a reasoned approach to treating the wastes. 

The advantages of this alternative include handling the soil 

on-s te and a significant potential for contaminant mitigation. 

The disadvantages include substantial expense and the complexities 

and uncertainties of a process that has not been attempted on a 

project of this size. 

D . ^i-'i xat ion/Stabilization 

Fixation of waste material proceeds by mixing one or more 

addi'ives with the waste to impart different chemical and physical 

properties. (Most alditives used are proprietary and patontel.) 

The primary factor contributing to improvement in leachate quality 

from fixed wastes is the reduction in raw waste surface area 

exposed to leaching. Chemical fixation may alter the 

concentration of a particular contaminant and affect the 

solubility in a variety of ways, including altering the pH or 

complexing or sequestering the contaminant in a matrix provided by 

tlio .idd i t i ve . ̂ ^ 

I'dxa! ion j)rot.<_'C's tVie p',)te?it i al pollutatits of the waste from 

d i. so 1 I.; t i on by rainfall or g roundwa t.er . If fixation slows the 

rate of rele<is«i of p'll l.utants from the wastes sufficiently so that 

no serious stresses are exerted on the environment, the wastes 
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luivo been renileretl essentially harmless and restrictions on the 

disi>osal site may be minimal. As in solidificjation, however, 

sometimes the chemical additives themselves could be a source of a 

pollutant problem. 

If a stabilized and solidified waste is disposed of in a less than 

secured landfill, sucli as in-place on-site, assurances must be 

given that the process will hold up over geological time.^^^^ One 

report on chemical fixation of wastes^^®^ states: "Under 

long-term exposure and weathering, the fixed waste may crack or 

deteriorate to a point where significant leaching may occur. It 

shoul'"- be recognized that reducing the leaching of pollutants by 

chemical fixation is process-dependent but appears to be 

successful for selected industrial wastes." 

The bulk of the data base for chemical fixation technology has 

been developed using inorganic industrial wastes and air treatnient 

res idces. ^ ® ̂ A slurry of less than 25 percent solids is the usual 

medium for treatment. At the St. Louis Park site, this would 

requii e that water be mixed with the soils to create the appropriate 

slurry for treatment. This process would require excavation of 

the material for treatment and a resultant mass of treated soil 

that i-.ay l)e four times the volume of tlie original material. 

C. A-;:iixina 

A., d;. i v ; 111 is tlie [)r(jct.;ss f iiddin^ an.du.ber material or materials 

and Ide.ding it. with tlie parent material. M: is known that sand 

particles do not readily adsorb the hydrocarbon contaminants. 

The addition of {)oat may tend to adsorb the hydrocarbons and 

rediK.'c tlicir overall stilubility. 
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Til i s Lechni'iMu woulti rt,'»iuire excavation of the material, blending 

and 1 eplaceinent on-site or off-site. An admii^ture technique at 

the site may result in an ihcreaseil bulk of material. No known 

aihnixture project of this size has been accomplished. 

1). I'lushyig 

This technique would require that the material be excavated and 

that the hydrocarbon contaminants be flushed or removed from the 

sand and soil grains. The soil material could then be replaceil on 

site, stored or used elsewhere. 

Flushing of the soil materials may be accomplished by steam 

stripping or by solvent extraction. These techniques would 

undoubtedly be complex with an unknown positive environmental 

impact. Although these methods appear to be conceptually sound, 

they ^lave not been !)nde^r.aken in a field situation of this 

manni tude. 

F. Incineration 

Incineration is recognized as a disposal technique for some 

hazardous wastes.Under special conditions, many organic 

hazardous wastes may be incinerated.^^^^ Organics are composed of 

carbon and hydrogen, and other elements and can be transformed 

to ..jtable oxi'le forms by incineration. 

Ifu"'. vM t i on •„> f w'jsti.'s v.'hi'Vh arc not pure liquids such the 

UM 1 ; ill this nruiject. [U.esents a waste disposal problem. I'he 

combustion principles are the same as for liquids but the manner 

in a'-liLeving the combustion is different. Residence time and 
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tenij>LMMt.iirt; must be Ccirefully controlled in order to achieve 

comiilete combustion. Some of the types of incinerators which are 

applicable to this type of disposal problein are rotary kilns, 

multi[}le hei'irth furnaces and flui dized bed incinerators. ̂^ ̂ 

Inc i ii u at. ion could take place on-site in a si'ccially constructed 

burinu'j apparatus with ash disposal on-site. Off-site 

incineration is also a possibility. Secondary benefits of 

incineration may include disposal of garbage and other solids as 

well as possible generation of steam or power. 

001)^5^ 
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V. SUMMARY 

Many of Liu? tnethoUs revi<;wo'] in this memoranduil! are considered to 

have sufficient iJCJtential to warrant further investigation. 

Further study may indicai.e tiiat a combination of techniques may be 

mi.)st. -»j)p I i ..•/ibl e for resolving this situation. Table 1 presents 

tlie .11 ; eI. tiat ives that iiave been presented. 

This review of al.ternati/e methods for managing contaminated soils 

at the St. Louis Park site will be followed ijy detailed 

environmental and economic impact analyses of the potential 

practical methods. 

_ _ _A i t^eiTiat ive 

No Action 

Caiping 

Solidification 

Fi xation/Stabi1izat ion 

Admixing 

Flushing 

Incineration 

landfl!1 
"•inn-v''on' n i n.-;;- i v.-si 

Ivmd;;: HCM ii.ng 

Resource Recovery: As-Is 

Res( jurc:e Kcxwery: M > 1 L f i ed 

WareluMis i ng 

ConereIe Vault 

TABLE 1 

Potential Majiagement J'tethods 

On-Site Elective Ijocation 
ALterria^j ves Alternatives 

X 

X 

X 

X 

X 

X 

X 

Off-Site 
Alternatives 

OOt196 

X 
X 

X 

X 

X 

X 
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